S1. General Considerations.
All experimental procedures were carried out in a glovebox under N 2 . Solvents were dried and degassed using a Pure Process Technology solvent system and stored over molecular sieves. Deuterated solvents were freeze-pump-thaw degassed, passed through activated alumina and stored over 3Å molecular sieves. 4 (or 4-OMe-BzOH) in CD 3 OD (99.9 % d), drying in vacuo, and triturating with pentane (3×). All glassware used for deuterium labeled experiments was pretreated with TMSCl to minimize H/D exchange between the deuterated compounds and the glassware. All solutions for kinetics were prepared just prior to use. Hexamethyldisiloxane (HMDSO) was used as an internal standard for NMR kinetics. NMR spectra were obtained on Bruker 600 MHz spectrometer. 1 31 P δ 0.0) external standards, respectively. All electrochemical experiments were carried out using a Pine Instruments WaveNow potentiostat. Mass spectrometry was carried out with an LTQ FT (ICR 7T) (ThermoFisher, Bremen, Germany) mass spectrometer. Samples (in toluene or MeCN solution) were introduced via a microelectrospray source at a flow rate of 3 µL/min. Xcalibur (ThermoFisher, Breman, Germany) was used to analyze the data. Molecular formula assignments were determined with Molecular Formula Calculator (v 1.2.3). (1) (54.5 mg, 0.115 mmol) and [HLut] [BF 4 ] (21.1 mg, 0.108 mmol) were added to a 20 mL scintillation vial with 5 mL thf. Within minutes the color of the solution changed from dark green to brown to dark red. The mixture was stirred at 25 °C for 18 hr, then the volume was reduced to 1.5 mL in vacuo. Pentane (4 mL) was added, resulting in a yellow solution with red precipitate. The mixture was filtered and the filter cake washed with pentane (3 × 2 mL). The solid was dried to afford the product as a red powder (57.8 mg, 91.5 % yield, 96% pure by multinuclear NMR spectroscopy). NMR spectroscopy and mass spectrometry are reported for this red powder. X-ray quality crystals were obtained by slow evaporation of a concentrated thf solution at 25 °C. 1 (1) 4 ] (10.6 mg, 0.0541 mmol) were added to a 20 mL scintillation vial with 2.5 mL thf. The mixture was stirred for 6 h, then concentrated to 1.5 mL. 4 mL pentane was added and the resultant red suspension stirred for 5 min, then filtered. The filter cake was washed with pentane (3 × 2 mL) and then dried in vacuo to afford the product as a red solid (26.1 mg, 85.5 % yield).
S2. Synthetic Procedures. [(H-PNP)Ru(N)][BF 4 ] (2). (PNP)Ru≡N

[(D-PNP)Ru(N)][BF 4 ] (2-D). (PNP)Ru≡N
[(PN=CP)Ru(OBz-4-OMe)(NH 3 )][BF 4 ] (3)
. A 20 mL scintillation vial was charged with 2 (40.0 mg, 0.0710 mmol). A solution of 4-methoxybenzoic acid (11.1 mg, 0.0730 mmol) in 6 mL thf was added to the vial. The mixture was stirred at 25 °C for 15 hr, resulting in a color change from red to light brown. The solution was concentrated to 1 mL, then diluted with 4 mL pentane, which resulted in a flocculent light brown precipitate. The mixture was cooled to −30 °C, filtered, and washed with pentane (3 × 2 mL). (4) . A 4 mL scintillation vial was charged with 2 (14.3 mg, 0.0254 mmol), 2-pyridone (3.6 mg, 0.038 mmol), and 1 mL thf. The reaction was stirred at 25 °C for a week. Pentane (3 mL) was added, resulting in a light brown precipitate, which was collected by filtration and washed with pentane (3 × 2 mL) to afford the crude product (10.8 mg, 65 % yield, 80 % pure by 31 P NMR). Slow vapor diffusion of pentane into a CH 2 Cl 2 solution of 4 result in a yellow crystalline solid exhibiting 99% purity by multinuclear NMR spectroscopy. Characterization data is provided for the crystalline material. 1 
S4. Cyclic Voltammetry Experiments.
All experiments were conducted in thf using a glassy carbon working electrode, silver wire pseudoreference electrode, and platinum wire counter electrode. Ferrocene was added as an internal standard. 
S5. NMR Tube Reactions of 2 with Acids.
Reaction of 2 with 2-pyridone. A solution of 2 in 0.6 mL thf-d 8 , with HMDSO as an internal standard, was added to a J-Young tube containing 2-pyridone (3 equiv). After 15 h, the solution had changed color from red to orange, and NMR integration indicated 85% conversion of 2 to a mixture of products. The major product evident by 1 H and 31 P NMR spectroscopy is 4, formed in about 50% yield (and identified by comparison to the authentic material accessed by the preparative-scale procedure above). 
Reaction of 2 with 4-pyridone.
A solution of 2 in 0.6 mL thf-d 8 , with HMDSO as an internal standard, was added to a vial containing 4-pyridone (3 mg). After stirring for 15 min, the mixture was filtered into a J-Young tube. 1 H NMR integration showed a 3:1 ratio of 4-pyridone:2. Broadening and shifting of 1 H and 31 P resonances of 2 suggest the formation of a weak adduct with 4-pyridone. After 15 h, a subtle color change from red to orange-red was observed, and NMR integration indicated 18% conversion of 2 to form one major unidentified product along with the formation of a dark brown residue on the walls of the tube. The low conversion and presence of decomposition products hindered attempts to characterize the product. 
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S7. DFT Calculations.
Computational Details: DFT calculations were carried out using Gaussian 09. 4 Geometry optimization and normal mode vibrational analysis were carried out at the M06L level 5 using the 6-31G(d,p) basis set on the main group elements, 6 and the SDD ECP and associated basis set on Ru. 7 The calculations at this level provided the correction terms to the Gibbs free energy at 298 K and 1 atm based on unscaled harmonic vibrational frequencies and unscaled entropies. No symmetry constraints were enforced during geometry optimization except for TS1 in the reaction of benzoic acid which was optimized in the C s point group because the displacements do not converge to a standard criterion when geometry optimization was done in the C 1 point group, although the forces do converge to a level that exceeds the standard criterion.
In addition to one imaginary frequency for the correct mode of benzoic acid addition across the RuN bond (1000i cm -1 , a' symmetry), this TS has a second residual imaginary frequency (40i cm -1 ) of a" symmetry for conformational motion of the t Bu-groups. This problem was not encountered in the reactions of 2-pyridone. Final energies were obtained by single point calculations at the M06L, M06, 8 and wB97XD
9 levels on the M06L geometries using the larger correlated cc-pVTZ basis set on the main group elements, 10 and the cc-pVTZ-pp with associated ECP on ruthenium as given in the EMSL basis set library. 11,12 Solvation effects were included is all calculations using the SMD implementation of the polarizable solvent continuum model with thf as solvent. 13 Benzoic acid derivatives exist as dimers in organic solvents, 14 but for clarity we report the results relative to the separated RuN and one monomer. If the dimer is taken as reference the reported energies will be increased by 0.8 kcal/mol. Both the closed
shell singlet and open shell triplet spin states were considered. Except for the high energy intermediate i3a, the triplet state was always significantly higher in energy than the singlet state, so the triplet state is not discussed.
The different DFT levels afford pronounced variations in the relative energies of the different species on the computed reaction pathways, but all the levels agree that the rate determining step of the reaction should be TS2. We base the discussion on the M06L Gibbs free energies, and we give the dependence of the energies on the different density functionals in Figure S33 .
The computed geometries are given in separate file in mol2 format as a txt file. The full series of geometries in this file can be visualized (after changing the extension from .txt to .mol2) using Gaussview or Mercury, a free software from the Cambridge Crystallographic Data Center:
https://www.ccdc.cam.ac.uk/solutions/csd-system/components/mercury/ S22 
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The rearrangement from i1 (following benzoic acid addition to 2) to i2 was studied by calculating at first a relaxed PES defined as a function of the N-Ru-N angle. Starting from i1, the results reveal an initial region of sharp energy increase until an N-Ru-N angle of about 145º is reached. At this point the benzoate switches from k 1 to k 2 -coordination leading at first to a higher energy minimum on the PES (i1'). Upon further bending, the PES passes through a col (TS isomer ) before the energy is lowered again in the direction of i2. The highest energy point on this surface is clearly for TS isomer . Guided by these general features of the PES, we could fully optimize both i1' and TS isomer and characterize them as a minimum and transition state, respectively, by normal mode analysis. i1' and TS isomer were also computed in the reaction of 2-pyridone. In all cases, and at all levels of theory considered, TS isomer is always much lower (6 -12 kcal/mol) than TS2. We give the free energy of i1' and TS isomer in the figure (in kcal/mol relative to the separated reactants) and we include the two species in the following plot. Figure S32 : PES for isomerization from i1 to i2. Figure S33: Dependence of the computed Gibbs free energy profile (1 atm and 298K) of the reaction of benzoic acid and 2 on the density functional via single point cc-pVTZ -thf SMD continuum level using geometries optimized at the M06L level and small basis set. In kcal/mol relative to the separated 2 and BzOH. Figure S34: Computed Gibbs free energy profile (1 atm and 298K) for the reaction of the two tautomers of 2-pyridone with 2. Geometries optimized at the M06L level. The energies of both tautomers are given relative to the same reference (the separated 2 and the lower energy NH-tautomer). 
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In studying the reaction of 4-Pyridone with 2 we first considered direct protonation of the nitride of 2 by one pyridone and subsequent reaction of a five-coordinate complex. Extensive attempts to locate a TS for proton transfer from both the N-H and O-H tautomer of 4-Pyridone to 2 were unfruitful as neither the forces nor the displacements could converge during several TS geometry optimizations. To obtain a crude estimate of the protonation energy of the initial RuN bond in this case we assumed a late product-like TS in which the proton of the newly formed RuNH bond is hydrogen bonded to nitrogen of the deprotonated 4-pyridone at a bond distance of 1.7 Å (TS1 fix ). Such species is more like a "vertical" product but for our purposes we use it to obtain a lower estimate for the proton transfer barrier. The results are summarized in the following Figure using the separated 2 and the lower energy NH-tautomer in the reaction of both tautomers. Computations were also carried out including a second 4-pyridone molecule. Coordination of the first 4-pyridone molecule via the phenolic oxygen terminal to produce an ion-dipole adduct is computed to be slightly endoergic (∆G Coord = +1.3 kcal/mol). The adduct has the same (dxy) 2 (dz) 2 configuration characterizing the free 2. For convenience, we take the energy of this adduct as a reference when calculating the energies of the reaction of the second 4-pyridone. As before, no TS could be identified for proton transfer from 4-pyridone to the adduct. Geometry optimization at a fixed RuNH-N distance of 1.7 Å affords 22.5 kcal/mol as a lower energy estimate of the proton transfer barrier (via TS1" fix ). 
S8. Crystallographic Details
Suitable crystals were selected and mounted on a Bruker APEX-II CCD diffractometer. The crystal was kept at 100 K during data collection. Using Olex2, 15 the structure was solved with the olex2.solve structure solution program 16 using Charge Flipping and refined with the XL refinement package 17 using Least Squares minimization. For complex 2, residual electron density (3.79 e) was located 0.84 Å from the Ru center. This could be modeled as a 6 % disorder in the Ru position. The small contribution from this other crystallographic conformation, coupled with the very small size of the crystal, precluded the observation of ligand disorder in the difference map. 
